Frail patients are known to have poor perioperative outcomes. There is a paucity of literature investigating how the Modified Frailty Index (mFI), a validated measure of frailty, is associated with unplanned readmission among military veterans following surgery.
F railty is defined as a state of vulnerability with reduced physiological reserves affecting the capacity to maintain or regain homeostasis when exposed to stressors, such as surgery, that place patients at increased risks of adverse health outcomes. [1] [2] [3] [4] [5] [6] [7] [8] There are various measures of frailty in the literature, with most involving a phenotypic definition and/or a compilation of deficits definition. 3 The Modified
Frailty Index (mFI) is a deficit accumulation measure of frailty validated across many surgical specialties. 1, 9 The mFI was derived from the Canadian Study of Health and Aging Frailty Index 10 by matching its 70 variables to 11 comorbidity and deficit variables from the American College of Surgeons' National Surgery Quality and Improvement Project (NSQIP). [10] [11] [12] [13] [14] [15] Frailty in surgical patients can exist independent of age and may be important in addressing quality of care outcomes, specifically, readmission. According to recent data, one-fifth of all hospitalized Medicare patients are readmitted within 30 days of discharge. 16 Specifically, 15 .6% of patients undergoing surgical care are readmitted within 30 days, with 2% mortality. Overall, 67.1% of patients who undergo medical treatment and 51.5% of patients who undergo surgical treatment are readmitted or die within the first year following index discharge. The Hospital Readmission Reduction Program was enacted through the Affordable Care Act to reduce unplanned readmissions, given the excess cost to the health care system. 16, 17 Currently, the Centers for Medicare & Medicaid Services reimbursements are reduced for hospitals that exceed higher-than-expected 30-day readmission rates for the care of patients with congestive heart failure, myocardial infarction, pneumonia, chronic lung disease, joint replacement, or cardiac surgery, with plans to expand penalties to additional surgical cases. These financial penalties have increased efforts to anticipate and therefore potentially prevent readmissions. 4 The composite mFI score is associated with poor clinical outcomes overall, but there remains a paucity of literature investigating how the mFI and its 11 individual components are associated with unplanned readmission following surgery. We hypothesized that the composite mFI would be associated with 30-day unplanned readmission and that each individual mFI component would contribute differentially. In addition, we hypothesized that the mFI would be associated with poor postoperative outcomes in our population of military veterans.
Methods
This retrospective cohort study was conducted within the Veterans Health Administration. Three high-volume surgical specialties (orthopedic, general, and vascular surgery) performed at 118 Veterans Affairs hospitals between October 1, 2007 , and September 30, 2014 , were included in the analysis. This study was reviewed and approved by the Veterans Affairs Central Institutional Review Board with a waiver of informed consent.
Population and Data Sources
The analysis for this cohort study used data from the Veterans Affairs Surgical Quality Improvement Program (VASQIP).
Veterans Affairs Surgical Quality Improvement Program variable definitions, data integrity, procedure sampling, abstraction, and follow-up procedures have been described elsewhere. [18] [19] [20] [21] General, vascular, and orthopedic surgical procedures were identified and limited to procedures in which the patient had a length of stay between 2 and 30 days. To exclude patients not at risk for readmission, only patients discharged alive were assessed.
Variables
The Veterans Affairs Corporate Data Warehouse domains were queried to enhance data captured by the VASQIP, including mental health diagnoses and sociodemographic factors such as marital and insurance status. Patient laboratory values and vital sign data closest to 30 days prior to surgery were obtained, along with data throughout the perioperative course until 30 days after hospital discharge. Any health care use through an inpatient admission or emergency department visit, within 6 months prior to surgery or 30 days after discharge, was included. Perioperative patient-and procedure-specific variables of interest included in this study have previously been described. 22 The main exposure of interest in this cohort study was frailty as defined by the mFI. The mFI, as a continuous measure for modeling, is scored by assigning 1 point for each frailty component present divided by the 11 possible comorbidities or deficits assessed, for an accumulation of deficits ratio indexed from 0 to 1 to account for missing variables. 23 The 11 mFI components derived from the VASQIP include the following:
(1) nonindependent functional status (partially or totally dependent activities of daily living); (2) history of no diabetes or diabetes controlled by diet alone, diabetes treated with oral antihyperglycemic therapy, or diabetes treated with insulin therapy; (3) history of chronic obstructive pulmonary disease exacerbation or pneumonia within 30 days; (4) history of congestive heart failure exacerbation within 30 days; (5) history of myocardial infarction within 6 months; (6) history of angina within 30 days or any percutaneous coronary intervention or coronary artery bypass grafting; (7) hypertension requiring medication; (8) history of peripheral vascular disease; (9) acutely impaired sensorium; (10) transient ischemic attack or cerebrovascular accident without deficits; and (11) cerebrovascular accident with deficits. Variables having multiple levels were simplified to a dichotomous variable, with any positive findings clustered together. The mFI was examined as both a categorical and continuous (ratio) variable to examine potential nonlinear associations. We present the mFI as the total number of components present, rather than as a ratio, for ease of interpretation. The main outcome of interest for this study was the occurrence of an unplanned inpatient readmission within 30 days following discharge after an index hospitalization for surgery. When multiple operations occurred during the index hospitalization, the first procedure performed was analyzed. Readmissions were defined as any subsequent inpatient stay following surgical discharge identified using the Corporate Data Warehouse inpatient domain. Unplanned readmissions were then identified by International Classification of Disease, Ninth Re- 
Statistical Analysis
Univariate and bivariate statistics were used to describe the population, with χ 2 tests for categorical variables and 2-sided t tests or Wilcoxon signed rank tests for continuous variables. Multivariable logistic regression examined the association of frailty with 30-day unplanned readmission using missing indicators for any missing data. The base risk-adjusted model for 30-day unplanned readmission using perioperative patientlevel variables with 48 parameters used in this study is described in a previously published study. 22 The mFI was entered into our base risk-adjusted model as a continuous index variable to understand its association with readmission after adjustment for known factors. Next, the individual components of the mFI were entered into the base model only as dummy variables. The Harrell ranking technique was used to rank the relative contribution of the 11 individual mFI components by calculating the difference between the χ 2 for each variable and its df. 25 Variables with higher Harrell ranking contribute more to a specified outcome than lower-ranked variables. Models were compared using adjusted R 2 and C statistics. All analyses and logistic modeling were completed using SAS, version 9.4 (SAS Institute), with an a priori α = .05 considered statistically significant.
Results
The study sample included 236 957 procedures from highvolume surgical specialties: 101 348 procedures (42.8%) in orthopedic surgery, 92 808 procedures (39.2%) in general surgery, and 42 801 procedures (18.1%) in vascular surgery. Patient demographics are those expected of a cohort of veterans and are shown in Table 1 . The prevalence of each component within the mFI is shown in Figure 1 ; the 5 most common components were hypertension requiring medication (166 . In our study, there were no patients at the highest end of the mFI (total of 10 or 11 frailty components).
The overall readmission rate was 11.1% (n = 26 262), which significantly varied by patient frailty in a linear fashion, shown in Table 2 and Figure 2 , with the lowest readmission rate (3722 [7. 9%]) among patients with no frailty components and the highest readmission rate (6 [42.9%]) among patients with 9 frailty components (P < .001). All frailty components were significantly associated with unadjusted readmission rates and other surgical outcomes (eTable in the Supplement). Similarly, the unadjusted rates of emergency department use The base risk-adjusted model of 30-day unplanned readmission used in this study, which examined contributions of 48 patient-level perioperative parameters (R 2 = 10.4%; C statistic, 0.71), has been previously published. 22 The mFI, as a continuous proportional variable, was associated with 30-day unplanned readmission after adjusting for predischarge complications, with an 11% increase in the odds of readmission for each incremental point in the mFI from 0 to 1 (odds 
Discussion
Our national study of a large cohort of patients who underwent orthopedic, general, or vascular surgery at Veterans Affairs facilities shows that frailty measured by the mFI is independently associated with 30-day unplanned readmission and that the individual components contribute to 30-day unplanned readmission to different degrees. Increasing frailty was associated with increasing age, American Society of Anesthesiologists class of 3 and 4, widowed marital status, prior health care use within 6 months of surgery, preoperative admission source or postoperative discharge location other than home, longer postoperative length of stay, any 30-day postoperative complication, and 30-day postdischarge mortality. The association between the mFI and readmission remained after adjusting for predischarge complications. Preoperative frailty has been associated with increased risk of postoperative complications, prolonged hospital length of stay with a need for discharge to a location other than home, and mortality.
2,3 A 2006-2013 national NSQIP study of 1193 patients undergoing surgery for head and neck cancer found that the mFI was associated with postoperative complications but not readmission or mortality. 26 Another 2011-2013 NSQIP study examined frailty in 4434 patients undergoing paraesophageal hernia repair and found the mFI associated with discharge destination locations other than home and with postoperative complications, but not with readmission or mortality. 27 Our large multi-institutional study found an association between frailty and readmission on adjusted analyses, likely owing to the addition of more granular data on a heterogeneous, high-risk patient population with higher readmission rates compared with these prior studies. Hall and colleagues 28 developed a Risk Analysis Index (RAI) derived from the Minimum Data Set Mortality Risk Index-Revised that can be applied both prospectively (RAI-C) and retrospectively (RAI-A), with similar outcomes as the mFI. Using 1021 Veterans Affairs patients undergoing elective surgery, the RAI-C, RAI-A, and mFI were associated with mortality (30 days, 6 months, and 1 year), having any complication, and Clavien-Dindo IV complications. However, readmissions were not assessed.
Overall, postoperative readmissions are challenging to anticipate, despite adequately powered studies with granular perioperative patient-level data. 22, 29 The addition of the mFI provides a small incremental improvement in our overall abilcant and independent association. This study builds on the literature by using administratively collected data to examine outcomes 30 days after discharge, which may occur beyond the traditional 30-day postsurgery period currently assessed by the VASQIP. Preoperative frailty assessment provides an opportunity to improve discussions between patients and clinicians surrounding perioperative risk. 3 Patient-level information acquired at the time of surgery contributed most in models of 30-day surgical readmission in 2 recent large national studies. 22, 29 Frailty assessment with the mFI can identify potentially modifiable components of frailty for "prehabilitation," which is a "process enhancing one's functional and mental capacity to buffer against the potential deleterious effects of a significant stressor" 30(p966) and aims to optimize patient comorbidities in physical, nutritional, and psychosocial domains through multidisciplinary support and education. [31] [32] [33] A recent international consensus on frailty recommends exercise (resistance and aerobic), nutritional optimization (caloric, protein, and immunonutrition), and reduction of polypharmacy to improve outcomes after surgery. 4 In addition, the American College of Surgeons adopted the "Strong for Surgery" prehabilitation strategy in recommending widespread implementation to address nutrition, smoking cessation, glycemic control, and management of polypharmacy preoperatively. 34 The RAI by Hall et al 28 focuses on patient factors, including general demographics, comorbidities, cognition, preoperative residence, and functional status through activities of daily living. Their index weighs significantly on functional status, with those having partially or totally dependent deficits in activities of daily living scoring higher in frailty; however, their analyses do not identify which components contribute most toward surgical outcomes. Further investigation is warranted to determine whether functional status could be modifiable and targeted to improve perioperative outcomes. The mFI is an additional useful tool to screen frailty prospectively; however, we acknowledge that the mFI is a measure of comorbidities plus functional status, which supports the idea that frailty is a sum of cumulative deficits. 12, 13 It remains unclear how the mFI compares with other proven prospective assessments of frailty. The strength of the mFI is that it is inexpensive, easy to calculate, and can be calculated prospectively or retrospectively. Some prospective measures of frailty, including grip strength, Timed Up and Go, the Fried assessment, and sarcopenia assessments, require more expense, space, time, or special equipment and cannot be measured retrospectively. 11 According to a comprehensive systematic review of 20 frailty instruments, no criterion standard exists for true comparison between measures given heterogeneous frailty definitions of varying subpopulations.
35
Because frailty can exist apart from comorbidity, 3 the ability of the mFI to anticipate readmission was mostly signaled by impaired functional status. A consensus is needed within the surgical community to standardize how frailty and functional status are best measured both preoperatively and retrospectively.
Limitations
Our study presents an association between readmission and poor perioperative outcomes among frail patients on a national scale. However, it is not without its limitations. This study is an observational retrospective analysis using administrative and nurse-abstracted data and cannot assign causation. Physicians poorly document functional status, and clinical nurse abstractors frequently rely on the presence of durable medical equipment, such as walkers or wheelchairs, to aid in this assessment. In addition, while we attempted to control for all clinically and statistically significant confounders, including age, in our final model, it is possible that residual confounding may remain. The associations and effect of frailty on surgical readmissions presented here are limited to a sample of mostly white, male patients undergoing elective orthopedic, general, or vascular surgical procedures within the Veterans Affairs Health Care system and may not be generalizable to other patient populations or to surgical procedures not mentioned here.
Conclusions
Frailty as identified by the mFI is associated with unplanned readmission in a large cohort of military veterans. The mFI components contribute differentially even after adjusting for predischarge complications and other information known to the clinician at the time of discharge. Future work should examine the elements of the mFI to determine whether they can be modified preoperatively to improve postoperative outcomes. 1 report on the Modified Frailty Index, a frailty screen modified to allow for measurement within existing surgical data collection structures. While numerous studies have documented the impact of frailty on clinical and functional outcomes after surgery, the authors should be commended for their rigorous and detailed study, which demonstrates that the Modified Frailty Index is associated with increased health care resource use after discharge including 30-day readmissions. The proportion of adults aged 65 years and older continues to grow rapidly, and elderly individuals consume a high portion of health care resources (medical and surgical). Emerging data demonstrate that preoperative comprehensive geriatric assessment and optimization reduce medical and surgical complications, reduce length of stay, and decrease the likelihood of being discharged to a higher level of dependency.
2 Inpatient multicomponent delirium prevention pathways reduce delirium and prevent falls in elderly patients. 3 Therefore, there is an imperative to go beyond screening to focusing on developing effective interventions to promote high-value surgical care that is efficient, safe, and allows frail older adults to achieve their treatment goals. We need to incentivize integrated care delivery models for elderly surgical patients that break down silos between surgery, nursing, anesthesia, geriatrics, rehabilitation, and social work, among other disciplines, and foster an environment where evidence-based surgical care of older adults is delivered by transdisciplinary teams who are both partnered with and held accountable by senior leaders. Although perioperative organizational culture has been slow to change, 4 the 
